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PAYLOAD FLIGHT HAZARD REPORT a. NO: AMS-02-F05
b. PAYLOAD Alpha Magnetic Spectrometer-02 (AMS-02) c. PHASE: II
d. SUBSYSTEM: Pressurized Systems e. HAZARD GROUP:  Explosion, Contamination | f. DATE: March 31, 2006
Rupture of AMS-02 Pressurized Systems: TRD Gas System (Xe & CO»), i. HAZARD CATASTROPHIC X
g HAZARDTITLE:  Cryomagnet Warm Helium Gas System, Tracker Thermal Control System,
CATEGORY: CRITICAL

Thermal Control Systems, Cryocooler

h. APPLICABLE SAFETY REQUIREMENTS:

NSTS 1700.7B and ISS Addendum: 200.1, 200.1b, 200.2, 200.3, 200.4a, 201.3, 205, 206,
208.1, 208.2, 208.3, 208.4, 208.4a, 208.4b, 208.4c & 208.4¢

j. DESCRIPTION OF HAZARD:

Rupture/Explosion of the pressurized systems results in significant damage to or loss of the

STS, ISS, crewmembers and/or other payloads.

k. CAUSES

(list)
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—_
=)

. Heater Failure
. Meteoroid and Orbital Debris (M/OD) impact.
. Damage to Composite Overwrapped Pressure Vessel

. Inadequate design strength for pressure and other loading environments.
. Improper material selections and processing.

. Improper workmanship and/or assembly.

. Propagation of crack-like defects.

. Liquefaction/freezing/thawing in lines.

. Improper filling/over filling of vessel/system.

. Incorrect commanding of valves.

0. APPROVAL

PAYLOAD ORGANIZATION

SSP/ISS

PHASE 1

PHASE I

PHASE III
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1. HAZARD CONTROL (CONTROL), m. SAFETY VERIFICATION METHODS (SVM), n. STATUS OF VERIFICATIONS (STATUS)

OPS
CONTROL

1. CAUSE: Inadequate design strength for pressure and other loading environments.

1.1 CONTROL: The AMS-02 hardware is being designed to provide positive margins using appropriate factors of safety.
The attached tables provides the MDP, factors of safety and associated margins for the pressurized systems addressed in this
hazard report. The loading factors and conditions, mechanical, pressure and thermal have been considered in establishing a
positive margin of safety of the pressure systems associated with the pressurized systems.

1.1.1 SVM: AMS-02 Pressure Systems Structural/Stress Analysis and Tests as defined in AMS-02 SVP (JSC
28792).

1.1.1 STATUS: Open

1.2 CONTROL: TRD SYSTEM. The TRD consists of three zones of pressure control by design. The first zone, referred
to as Box S, contains two pressure zones within it. The high pressure supply and the low pressure supply to Box C. The
high pressure side pressure is driven by the pressure vessels that provide the Xenon (at 1550 psia, nominal) and carbon
dioxide (at 940 psia). Within these high pressure tanks the MDP has been established to be 2960 and 2040 psia respectively
in isolation. These values are based on worst case thermal environments and quantities loaded. As there is a conceivable
failure mode that can cross-link the two high pressure tanks, the mixing of the two gas supplies yields an approximate MDP
of 3000 psi (2980 psi calculated), which is the value used for the Box S high pressure side tanks and lines. Within Box S
these high pressure sources are fed through valves and orifices to fill a mixing tank which has an MDP of 300 psia.
Pressure monitors are provided in the system to allow for computer control of the valves to regulate pressure/gas
management by opening and closing a series of valves in each supply line. This MDP is kept from being exceeded by the
computer-controlled valves and orifice delivery system (level 1) and two parallel, series coupled pressure relief devices set
to 300 psia. Either branch of the pressure relief devices (Burst disk and pressure relief valve) is capable of handling the full
flow of the gas supplies if all the valves were to open. The burst discs is provided up-stream of the pressure relief devices
for isolation of the pressure relief valves from the operating loops (Rated 295 psig by BS&B Safety Systems). The pressure
relief devices will be shown to be insensitive to any debris that the burst disc may generate in providing MDP protection.

The next zone of the TRD is fed from the mixing tank into Box C, which provides pumping of the gas to the manifold and
TRD sensor segments (straws). This section also includes the monitor tubes, which contain a small radioactive source, that
monitor the quality of the gas mixture. Pressure is regulated to a maximum of 300 psi from Box S through valves and
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orifices, and computer controlled valves can vent the gas in addition to two pressure relief valves, these three levels of
control (computer controlled valves, two pressure relief valves) regulate the pressure to 29.4 psia MDP. TRD pump design
can provide gas flow but is designed not to add to the pressure head within the system.

The third zone is the manifold and sensor “straws” the pressure of which is controlled by Box C to 29.4 psia MDP. Gas is
supplied through the flow provided by the Box C pumps.

1.2.1 SVM:
1.2.2 SVM:
1.2.3 SVM:
1.2.4 SVM:
1.2.5 SVM:
1.2.6 SVM:
1.2.7 SVM:
1.2.8 SVM:
1.2.9 SVM:

Manufacturer’s Certification/Testing of relief valves to verify opening pressure and flow capacity.
Functional testing of computer controlled valves.

Flow rate analyses (orifice, valve, relief valve flow)

Functional testing of gas flow pumps

Pressure system thermal analyses (included in stress analysis)

Manufacturer’s qualification/certification of burst disk.

Acceptance Testing of Burst disc

Ground loading procedures to provide proper filling conditions, quality and quantities.

COPV Stress Analysis Per ANSI/ATAA S-081

1.2.1 STATUS: Open.
1.2.2 STATUS: Open
1.2.3 STATUS: Open
1.2.4 STATUS: Open
1.2.5 STATUS: Closed. Main TRD gas tank stress analysis documented thermal analysis results in EG 10348,

Fracture and Stress Report of CO,/Xenon Tank Assembly PN C4810/D4852 for TRD Gas Supply System, Nov 6,

2001. Tanks are identical to Arde tanks previously flown on ISS.
1.2.6 STATUS: Open
1.2.7 STATUS: Open
1.2.8 STATUS: Open
1.2.9 STATUS: Open
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1.3 CONTROL: WARM HELIUM GAS SUPPLY. The Warm Helium Gas Supply is designed to have two distinct
pressure zones. The high pressure helium source has an MDP of 321 bar (4655.7 psi), established by the high pressure
burst disk that is set at 320 bar (4641.2 psi). The 8.3 liter gas bottle, a composite wrapped bottle manufactured by Arde, is
filled to have a pressure of 200 bar (2900.7 psi), and under worst case environmental thermal conditions the pressure could
rise to 273 bar (3959.5 psi). The Warm Helium Gas Supply does not utilize any heaters. The MDP for the bottle has been
set to the burst disk value although the highest pressure has been established by fill quantity and thermal conditions. The
high pressure side with the MDP of 321 bar (4655.7 psi) comprises the gas bottle, pressure manifold, fill and drain valve
MV42, 320 bar burst disk and the 6 bar pressure regulator. The burst disk has been qualified per NSTS/ISS 18798, Letter
NASA/JSC TA-88-074 to be single fault tolerant equivalent.

The low pressure side of the Warm Helium Gas Supply is nominally regulated to 6 bar (87.0 psi) and is protected by over
pressurization by an 8 bar (116.0 psi) pressure relief device RV03 and by 10 bar (145.0 psi) burst disks that protect each
isolated volume. The plumbing in the low pressure side is 1/8 inch stainless steel piping. The regulated Cryogenic Valves
and Current Lead Disconnect have an MDP of 10 bar (145.0 psi) based on this supply pressure. All components and lines
meet the appropriate factors of safety as required by NSTS 1700.7.

1.3.1 SVM: Manufacturer’s Certification/Testing of relief valve to verify opening pressure and flow capacity.
1.3.2 SVM: Flow rate analyses (orifice, valve, relief valve flow)

1.3.3 SVM: Pressure system thermal analyses

1.3.4 SVM: Manufacturer’s qualification/certification of burst disk.

1.3.5 SVM: Acceptance Testing of Burst disc

1.3.6 SVM: Ground loading procedures to provide proper filling conditions, quality and quantities.
1.3.7 SVM: COPV Stress Analysis Per ANSI/ATAA S-081

1.3.1 STATUS: Open.

1.3.2 STATUS: Open

1.3.3 STATUS: Open

1.3.4 STATUS: Open

1.3.5 STATUS: Open

1.3.6 STATUS: Open
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1.3.7 STATUS: Open

1.4 CONTROL: TTCS TWO PHASE LOOP. The nominal TTCS MDP has been established by TTCS fill and the worst
case thermal profile of the TTCS. Heater failure for this system is addressed under Cause 8 of this hazard report. This
value is 160 bar (2320 psi) and encompasses the extremely small pressure differential across the circulation pump. All
other components and lines are designed to maintain a safety factor of 4.0 per NSTS 1700.7B and ISS Addendum. NOTE:
The TTCS has a special consideration addressed in Control 5.4 where segments of the TTCS are susceptible to freezing of
the carbon dioxide working fluid, these components will have a new MDP established based on the stress of the freeze/thaw
cycle.

1.4.1 SVM: Thermal Analysis

1.4.2 SVM: Manufacturer’s Certification of TTCS Filling.

1.4.1 STATUS: Open

1.4.2 STATUS: Open. .

1.5 CONTROL: TTCS RADIATOR HEAT PIPES. The AMS-02 TTCS utilizes a seven sealed heat pipes in each of the
two Tracker Radiators that are situated atop the AMS-02. These heat pipes are of identical design throughout but with
varying length, constructed of Al 6063 and filled with ammonia with pipe quantities varying with length (44.6 — 52.6
grams), 14 mm diameter with a minimum thickness of 1.25 mm. This heat pipe is manufactured with a 40 mm flange that
is used to interface with the TTCS condensers. These flanges are milled down for the rest of the heat pipe’s length along
the Tracker Radiator. The MDP of the heat pipes are based on the worst case thermal profile while on-orbit for the ammonia
filled tubes, considering the worst case heater failures, with a final temperature of the systems as being 50°C. This MDP is
290 psi (20 bar) and is inclusive of all heat pipes although not all heat pipes could possibly see this particular temperature
and hence this MDP. The heat pipes meet a 4.0 factor of safety satisfying the required 2.5 factor of safety per NSTS
1700.7B and ISS Addendum. Heater Failure Tolerance is discussed under Cause 8.

1.5.1 SVM: Thermal Analysis of AMS-02 for worst case thermal condition of heat pipes
1.5.2 SVM: Manufacturer’s Certification of heat pipe filling.

1.5.1 STATUS: Open

1.5.2 STATUS: Open

1.6 CONTROL: TTCS OHP. The TTCS Oscillating Heat Pipe (OHP) Experiment is a heat pipe that utilizes “slugs” of FC-
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87 flourinated fluid with gas filled voids between the slugs to transport heat. The entire pipe’s MDP is established based on
the worst case thermal profile of the system and the fill quantity of FC-87. This MDP has been established to be 76.87 psi
(5.3 bar). The components and lines of the OHP will meet the factors of safety required by NSTS 1700.7B and the ISS
Addendum.

1.6.1 SVM: Thermal Analysis of AMS-02 for worst case thermal condition of OHP
1.6.2 SVM: Manufacturer’s certification on filling OHP with FC-87

1.6.1 STATUS: Open

1.6.2 STATUS: Open

1.7 CONTROL: TTCS Accumulator Heat Pipe. The TTCS accumulator heat pipe (one on primary and one on secondary
TTCS systems) is unique in that it is integrated into the TTCS carbon dioxide accumulator structure, a portion of the heat
pipe experiences external pressure as defined by the TTCS system (160 bar) and the rest (100mm extending outside of the
TTCS Accumulator) it’s own internal pressure (29.5 bar) under worst case thermal loading conditions of the ammonia
working fluid. The construction of the TTCS Accumulator heat pipe also differs from other heat pipes as it has a smooth
bore with an inserted artery wick structure along the periphery of the tube and bridging singularly across the heatpipe to
supply wicking effects. The MDP established by the thermal condition of the heat load applied by the dedicated heaters in
the worst case environment has been established to be 29.5 bar (427.9 psi) relative to vacuum and the MDP of the portion
interior to the accumulator has been set to the MDP of the accumulator (160 bar, 2320.6 psi). This “interior” MDP could be
set to 160 bar minus the lowest pressure of the heat plpe, but for simplicity the worst case is assumed. The heat pipes meet
a 2.5 factor of safety per NSTS 1700.7B and ISS Addendum. Heater Failure Tolerance is discussed under Cause 8.

1.7.1 SVM: Thermal Analysis of TTCS and TTCS Accumulator Heat Pipe Operations including failure conditions.
1.7.2 SVM: Manufacturer’s certification on filling the TTCS Accumulator Heat Pipe

1.7.1 STATUS: Open

1.7.2 STATUS: Open

1.8 CONTROL: HEAT PIPES. The AMS-02 utilizes a number of sealed heat pipes throughout its TCS design. These heat
pipes are of similar design throughout, constructed of Al 6063 and of two sizes, 14 mm diameter with a thickness of 1.25
mm and 10 mm diameter with a 0.8 mm thickness. The MDP of the heat pipes are based on the worst case thermal profile
while on-orbit for the ammonia filled tubes, considering the worst case heater failures, with a final temperature of the
systems as being 60°C. This MDP is 362.5 psi (25 bar) and is inclusive of all heat pipes although not all heat pipes could
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possibly see this particular temperature and hence this MDP. The heat pipes meet a 4.0 factor of safety satisfying the
required 2.5 factor of safety per NSTS 1700.7B and ISS Addendum. Heater Failure Tolerance is discussed under Cause 8.

1.8.1 SVM: Thermal Analysis of AMS-02 for worst case thermal condition of heat pipes
1.8.2 SVM: Manufacturer’s Certification of heat pipes for proper filling.

1.8.1 STATUS: Open

1.8.2 STATUS: Open

1.9 CONTROL: CAB LOOP HEAT PIPE. The CAB Loop Heat Pipe is a continuous open loop composed of an
evaporator, reservoir, vapor, liquid and condenser tubes. The entire loop’s MDP is established based on the worst case
thermal profile of the system and the fill quantity of ammonia. This MDP has been established to be 294.4 psi (20.3 bar).
The components and lines of the CAB Loop Heat Pipe will meet the factors of safety required by NSTS 1700.7B and the
ISS Addendum.

1.9.1 SVM: Thermal Analysis of AMS-02 for worst case thermal condition of CAB Loop Heat Pipe
1.9.2 SVM: Manufacturer’s Certification of CAB Loop Heat Pipe for proper filling.

1.9.1 STATUS: Open

1.9.2 STATUS: Open

1.10 CONTROL: CRYOCOOLER LOOP HEAT PIPE/ZENITH RADIATORS. There are four Cryocooler Loop Heat
Pipes systems, internally each of the four loop heat pipes have parallel, redundant heat loops. The heat is taken from the
cryocoolers through evaporators (AISI 321) connected to the Cryocooler collar. The heat pipe at the junction of the
evaporator are stainless steel (AISI 321) tubing, this tubing goes to the bimetallic transition joint to connect to the AL 6063
tubing (4mm OD, 3mm ID) which is soldered to the underside of the zenith radiator panel. The MDP of the Cryocooler
Loop Heat Pipe system is established based on propylene quantity (working fluid) and the maximum temperature that
system can attain. This has been established considering the thermal load from the cryocoolers, heaters (failed on at 68.5
W) and the environment. The MDP has been assessed to be 261 psi (18 bar) with a maximum propylene fill of 42 grams.
A bypass valve has been implemented in the Loop to allow for bypass of the radiators at low temperatures for performance.
This valve does not create any entrapped volume, only directs flow although its operation is based on the thermal response

of a sealed argon environment. All components and lines of the Cryocooler Loop Heat Pipe meet the appropriate factors of
safety of NSTS 1700.7B and ISS Addendum.
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1.10.1 SVM: Thermal Analysis of Cryocooler Loop Heat Pipe to establish MDP.
1.10.2 SVM: Cryocooler Loop Heat Pipe Filling Certification from Manufacturer
1.10.1 STATUS: Open
1.10.2 STATUS: Open

1.11 CONTROL: CRYOCOOLERS. The Cryocooler is a Sterling cycle heat pump that consists of the single component
that interfaces thermally with the Cryomagnet system and the Cryocooler Loop Heat Pipe, but does not interconnect with
those pressure systems. The linear piston (magnetically operated) creates a maximum operating pressure of 20 bar (294
psi). The MDP has been established not by operations but while inert at the worst case design temperature of 80°C (176
°F), this value is 20.3 bar. This non-operational condition is a worst case thermal condition compared to full operations
with the heater failed on meant to encompass all possible thermal loads. The Cryocooler will meet the factors of safety
required by NSTS 1700.7B for pressurized components.

1.11.1 SVM: Thermal Analysis of AMS-02 for worst case thermal environment
1.11.2 SVM: Manufacturer’s Filling Certification for the Cryocooler

1.11.1 STATUS: Open

1.11.2 STATUS: Open

2. CAUSE: Improper material selections and processing.

2.1 CONTROL: All AMS-02 pressure system materials will be selected to meet the requirements of MSFC-STD-3029 for
stress corrosion cracking. Materials with high resistance to stress corrosion cracking will be used where possible. Where
materials with moderate to low resistance to stress corrosion cracking are utilized, MUAs have been prepared and will be
submitted for approval.

2.1.1 SVM: Stress Corrosion Evaluation of materials list and drawings.

2.1.2 SVM: ES4/Material and Processes Branch Certification for materials usage.
2.1.1 STATUS: Open

2.1.2 STATUS: Open

2.2 CONTROL: Working fluids/gasses are inert and will be non-reactive, with the exception of ammonia and propylene.
All working fluids are compatible with all materials of construction. Materials of construction are principally stainless steel
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and aluminum. The TRD (working fluids carbon dioxide and xenon) and Warm helium gas bottle (Arde) are stainless steel

lined, composite overwrapped tanks. The TRD also has composite-wound sensors through which gas is pumped at low
pressure.

2.2.1 SVM: Materials Compatibility Assessment

2.2.2 SVM: Approval of material use and MUAs by JSC ES4/Materials and Processes Branch
2.2.1 STATUS: Open

2.2.2 STATUS: Open

2.3 CONTROLS: Cleaning materials will be compatible with working fluid and materials of construction.
2.3.1 SVM: Materials Compatibility Assessment/Review
2.3.1 STATUS: Open

2.4 CONTROL: Metallic materials that touch in the pressure system will be assessed for potential galvanic reactions that
could degrade welds and other joints.

2.4.1 SVM: Material Compatibility Assessment

2.4.2 SVM: Approval of material use and MUAs by JSC ES4/Materials and Processes Branch
2.4.1 STATUS: Open

2.4.2 STATUS: Open

3. CAUSE: Improper workmanship and/or assembly.

3.1 CONTROL: Manufacturing and Assembly AMS-02 pressurized systems will be done in accordance with approved
drawings and procedures. Manufacturing and Assembly processes have certification processes in place to document
compliance with approved drawings and procedures.

3.1.1 SVM: All discrepancies and deviations from approved drawings/procedures are reconciled through a MRB
process to assure compliance with requirements.

3.1.1 STATUS: Open

3.2 CONTROL: All welds will be made to the standards of the AMS-02 weld policy (compliant with JSC standards for
welding).
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3.2.1 SVM: Review of weld plans, processes and certification of welds of the AMS-02 systems.

3.2.2 SVM: Proof Pressure Testing, Dye Penetrant inspection, Radiological (or ultrasound) inspection of welds.
3.2.1 STATUS: Open

3.2.2 STATUS: Open

4. CAUSE: Propagation of crack-like defects.

4.1 CONTROL: The AMS-02 pressurized systems uses JSC 25863 A to implement the fracture control requirements of
NASA-STD-5003 and SSP 30558C.

4.1.1 SVM: Compliance with the fracture control requirements of NASA-STD-5003 and SSP-30558C will be
verified by approval of fracture control summary by JSC ES4/Materials and Processes Branch.

4.1.1 STATUS: Open

5. CAUSE: Liquefaction/freezing/thawing in lines

5.1 CONTROL: TRD GAS SUPPLY. The TRD Gas Supply system (CO2 & Xenon) will not freeze under the worst case
thermal conditions that the system will experience on-orbit. The high pressure TRD system is mounted on a common
thermal plate to keep the entire high pressure side thermally uniform. The lowest temperature that has been assessed for the
TRD system, using an indefinite period at the worst possible cold attitude with no other attitudes occurring (extremely
conservative), to be -50°C (-43°C at 200 hours of exposure with asymptotic approach to approximately -50°C). Even with
TRD heaters failed on for the tank only (more than two failures), driving the pressure up, and heaters off for the lines and
components, the pressure-temperature curve for CO, will not transition to solid phase. Xenon’s physical properties make it
more difficult to freeze than CO,. The low pressure side does not have a constant supply of carbon dioxide sufficient to fill
a potentially frozen segment with CO,. Liquid CO; is prevented from going from the CO, tank to the lines by a dual heater
system (Side A and B) that will keep the CO, gaseous before entering the high pressure lines. If power is lost for the
heaters, power is also lost for operating the valves (normally close) that would allow for the introduction of liquid CO, into
potentially isolated segments. Heater operations on these isolated segments are controlled in a 2 fault tolerant manner,
reference Control 8.1.

5.1.1 SVM: AMS-02 Thermal Assessment
5.1.2 SVM: TRD Thermal Assessment for Freezing of CO; and Xenon
5.1.3 SVM: Review of TRD Heater Design for single fault tolerant design.
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5.1.1 STATUS: Open
5.1.2 STATUS: Open

5.2 CONTROL: WARM HELIUM GAS SUPPLY. The Cryomagnet Warm Helium Supply will utilize the same quality of
helium as used to fill the Cryomagnet for superfluid helium, minimizing the potential for contaminants that could freeze
solid, plug lines and create a pressure build up. In order to achieve solid (frozen) helium a pressure in excess of 25
atmospheres is required to compress the cryogenic helium, a pressure the AMS-02 can not achieve.

5.2.1 SVM: Loading procedures to assure purity of helium loaded into Warm Helium Gas Supply.

5.2.2 SVM: Analysis/Review of Helium Freezing Potential

5.2.1 STATUS: Open

5.2.2 STATUS: Closed. Memo ESCG-4390-06-SP-MEMO-0002, “Freezing of Helium withing AMS-02" dated 8
December 2005, from AMS-02 Chief Engineer Chris Tutt.

5.3 CONTROL: TTCS TWO PHASE LOOP. The Tracker Thermal Control System (TTCS) will freeze under a loss of
power from the ISS under worst case thermal conditions at the condensers. The TTCS components subject to freezing have
had their MDPs established based on a freezing event and subsequent heating/thawing that results in a trapped volume of
carbon dioxide. The condenser tubes of the TTCS could freeze and thaw and the resulting MDP has been established to be
3000 bar (43511 psi). Special proof testing and NDE will be conducted on the sample lot of the tubing used in the
construction of the condensers to allow for a reduction in the acceptable factor of safety (per ES4). Using standard
techniques of analysis, the tubing indicates a burst proof factor of safety of 2.14, but if the material’s strain hardening is
taken into account this value rises to 5.21. Thermal Analysis indicates that all other TTCS system components and lines are
not subjected to freezing potential.

5.3.1 SVM: Testing of carbon dioxide freezing/heating cycles

5.3.2 SVM: Thermal Analysis

5.3.3 SVM: MDP Analysis based on worst case thermal profiles and two failures (if applicable)

5.3.4 SVM: Review and approval of testing plan for freezing/thawing lines by JSC/ES4.

5.3.5 SVM: Testing/analysis of flight hardware per testing plan of 5.3.4.

5.3.6 SVM: Thermal Analysis of TTCS System to establish freezing/non-freezing elements.

5.3.1 STATUS: Open
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5.3.2 STATUS: Open
5.3.3 STATUS: Open
5.3.4 STATUS: Open
5.3.5 STATUS: Open

5.3.6 STATUS: Closed. ESCG-4470-06-TEAN-DOC-0032, "Alpha Magnetic Spectrometer (AMS-02) Tracker
Thermal Control System (TTCS) Cold Environment Temperatures), Dated March 22, 2006, from ESCG/E. L.
Yagoda indicates no other system elements will freeze.

5.4 CONTROL: TTCS ACCUMULATOR HEAT PIPE. The TTCS Accumulator Heat Pipe is filled with ammonia and
will not reach temperatures that can freeze the ammonia. NOTE: Even if the ammonia were capable of freezing, the
straight pipe construction with interior mesh and fill quantity of the heat pipe would preclude an accumulation of a solid
block of ammonia.

5.4.1 SVM: Thermal Analysis

5.4.1 STATUS: Open

5.5 CONTROL: HEAT PIPES. The design of the ammonia heat pipes allows for the ammonia to condense and freeze
without damage to the heat pipes. The low quantity of ammonia, interior shape of heat pipes and the melting/vaporization
of the ammonia cannot create trapped volumes that can generate elevated pressures.

5.5.1 SVM: Review of design

5.5.2 SVM: Vendor Certification/Testing
5.5.1 STATUS: Open

5.5.2 STATUS: Open

5.6 CONTROL: TTCS OHP. Material properties of the FC-87 used in the TTCS Oscillating Heat Pipe Experiment
indicate that the working fluid will not freeze under the worst case thermal environments the AMS-02 will be exposed.

5.6.1 SVM: Thermal Analysis

5.6.2 SVM: Review of FC-87 manufacturer’s data for thermal compatibility
5.6.3 SVM: Manufacturer’s (OHP) certification of fill material.

5.6.1 STATUS: Open
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5.6.2 STATUS: Open
5.6.3 STATUS: Open

5.7 CONTROL: CAB LOOP HEAT PIPE. The Cryogenic Avionics Box Loop Heat Pipe was established to have a small
segment that had the potential to freeze ammonia with the loss of AMS-02 power. Thermal MLI insulation has been
applied to these segments to allow a greater than 10°C margin over the freezing temperature of ammonia (-78°C).

5.7.1 SVM: Thermal Analysis of CAB Loop Heat Pipe
5.7.2 SVM: Review of Design

5.7.3 SVM: Inspection of as built hardware.

5.7.1 STATUS: Closed. AMS-02-TN-CGS-010. 7/03/2005
5.7.2 STATUS: Open

5.7.3 STATUS: Open

5.8 CONTROL: Cryocooler Loop Heat Pipe/Zenith Radiator. Propylene freezes at a temperature of -185.25°C (-301.4°F),
this temperature is substantially colder than the worst case thermal environment that the Cryocooler Loop Heat Pipe/Zenith
Radiator can achieve.

5.8.1 SVM: Thermal Analysis showing worst case cold temperature for Cryocooler Loop Heat Pipe/Zenith Radiator
5.8.2 SVM: Filling Procedure/Certification of Fill

5.8.1 STATUS: Open

5.8.2 STATUS: Open

5.9 CONTROL: Cryocoolers. The working fluid for the Cryocoolers is 0.72 grams of helium, and the Cryocooler is
incapable of achieving temperatures (77 K, temperatures must approach <2 K to freeze) and pressures needed (MDP 20 bar,
25+ bar needed to freeze helium) to freeze helium. In addition as the system does not have lines and fittings of a traditional
sort where freeze/thaw is considered to be a hazard, the cryocoolers have no risk even if the helium could freeze.

5.9.1 SVM: Analysis/Review of Helium Freezing Potential

5.9.2 SVM: Manufacturer’s certification of fill.

5.9.1 STATUS: Closed. Memo ESCG-4390-06-SP-MEMO-0002, “Freezing of Helium withing AMS-02” dated 8
December 2005, from AMS-02 Chief Engineer Chris Tutt.

8L66Y DSI



V-’V

PAYLOAD FLIGHT HAZARD REPORT a. NO: AMS-02-F05
b. PAYLOAD Alpha Magnetic Spectrometer-02 (AMS-02) c. PHASE: II
5.9.2 STATUS: Open

6. CAUSE: Improper filling/over filling of vessel/system.

6.1 CONTROL: All pressurized systems will be filled with high purity gases and appropriate quantities.
6.1.1 SVM: Review of TRD Ground Filling Procedures.

6.1.2 SVM: Review of Warm Helium Gas Supply Filling Procedures.

6.1.3 SVM: Review of Tracker Thermal Control System Filling Procedures.
6.1.4 SVM: Manufacturers’ certifications on filling of Ammonia Heat Pipes.
6.1.5 SVM: Manufacturer’s certification on filling OHP with FC-87

6.1.6 SVM: Manufacturer’s certification on filling of CAB Loop Heat Pipe

6.1.7 SVM: Manufacturer’s certification on filling Cryocooler Loop Heat Pipe/Zenith Radiators

6.1.8 SVM: Manufacturer’s certification on filling Cryocooler.
6.1.1 STATUS:
6.1.2 STATUS:
6.1.3 STATUS:
6.1.4 STATUS:
6.1.5 STATUS:
6.1.6 STATUS:
6.1.7 STATUS:
6.1.8 STATUS:

Open
Open
Open
Open
Open
Open
Open
Open

7. CAUSE: Incorrect commanding of valves.

7.1 CONTROL: TRD SYSTEM. The TRD system has a potential for entrapping gas and liquid between controlling
valves. Nominally redundant line heaters on the gas feed lines from the tanks will prevent liquid from being present in the
lines and thus taken into the entrapped volume. Heater operations may individually fail, but a total power loss for the
system would preclude opening the valves as the valves are normally closed. Computer operations will not allow the valves
to cycle if the temperature of the line is not at a level to prevent the introduction of liquid into the lines. A pressure relief
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b. PAYLOAD Alpha Magnetic Spectrometer-02 (AMS-02) c. PHASE:

II

device set at [FBS differential, is provided in the first entrapped volume to allow any liquid in the line to be relieved back
into the tank (which can not be at or near MDP to have liquid present). NOTE: In addition to these three levels of control,
the TRD valves (Marotta MV 197) will relieve under a back pressure differential of 1535 psid (Manufactuer’s Data).
Assuming that the highest pressure upstream is the MDP of the system (which can not be the case and have liquire to ingest
into the lines) the maximum pressure of this segment considering two failures would be 4535 psia. In this extreme case,

after three failures, the factor of safety of the lines, and fittings are 2.8 not the required 4.0.

7.1.1 SVM:
7.1.2 SVM:
7.1.3 SVM:
7.1.4 SVM:
7.1.5 SVM:

Review of TRD Design

Inspection of TRD Flight hardware

Functional testing of thermal interlock of valve operations
Testing of Pressure Relief Valves

Thermal Analysis

7.1.1 STATUS: Open
7.1.2 STATUS: Open
7.1.3 STATUS: Open
7.1.4 STATUS: Open
7.1.5 STATUS: Open

7.2 CONTROL: TRD SYSTEM. The TRD Gas Supply Cross link valves V20 a&b are modified Marotta MV 197 valves
that utilize a additional valve in the seat operations that allows for a low pressure backflow between the systems, thus any
gas entrapped between these volumes will relieve to the lowest pressure side at a delta pressure of [FBS psid.

7.2.1 SVM:
7.2.2 SVM:
7.2.3 SVM:

Testing of modified Marotta MV197 valves.
Review of design
Inspection of as built hardware

7.2.1 STATUS: Open
7.2.2 STATUS: Open
7.2.3 STATUS: Open

7.3 CONTROL: TTCS TWO PHASE LOOP. The operation of the TTCS valves allows for the correction of a “vapor

8L66Y DSI



91-¢'V

PAYLOAD FLIGHT HAZARD REPORT a. NO: AMS-02-F05

b. PAYLOAD Alpha Magnetic Spectrometer-02 (AMS-02) c. PHASE: II

block” where gas becomes entrapped and precludes normal operations and for cooling system testing and study during
AMS-02 operations. Operations of the valves can not impact the pressure within the system, being incapable of isolating
systems or providing additional pressure to the system. There are no hazardous configurations of TTCS valves.

7.3.1 SVM: Review of Design
7.3.1 STATUS: Open

7.4 CONTROL: WARM HELIUM GAS SUPPLY. Valve operations within the Warm Helium Gas Supply do not result in
entrapped volumes that can exceed the established MDPs for the systems.

7.4.1 SVM Pressure Analysis of Design
7.4.1 STATUS: Open

8. CAUSE: Heater Failure

8.1 CONTROL: TRD GAS SUPPLY. The TRD utilizes heaters to allow for pressure sensing within the TRD tanks
(unable to measure liquid state). These heaters are capable of causing a condition where the MDP would be exceeded if the
heaters are failed on and the system is exposed to the worst case thermal environment. To preclude these heaters from
failing on, there are three (four in place three are counted for safety) thermostatic control devices controlling the operation
of the heaters (one in return leg of heaters) in addition to a computer control of the heater’s operations through heater power
application and thermal feedback from temperature sensors. Each of the TRD tanks utilizes two strings of heaters, and each
string has independent controls (computer is not tallied as a safety control). Thermal set point for the carbon dioxide tank is
+39°C. Thermal set point for the xenon tank is +26°C. TRD Gas Supply isolated segments from the xenon and carbon
dioxide tanks, used to control the mass of gas introduced into the system, are protected from thermal extremes generated by
the valve block heater runaway by the use of two fault tolerance thermostatic control on each heater, with one of the
thermostatic devices in the return leg of the heater circuit.

8.1.1 SVM: Review of Design

8.1.2 SVM: Thermal Analysis (establishing maximum temperature settings and thermal sensitivity of thermostatic
control locations.

8.1.3 SVM: Functional testing/Acceptance testing of thermostatic switches.

8.1.4 SVM: Inspection of flight hardware for proper installation of thermostatic switches.
8.1.1 STATUS: Open
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b. PAYLOAD Alpha Magnetic Spectrometer-02 (AMS-02) c. PHASE: II

8.1.2 STATUS: Open
8.1.3 STATUS: Open
8.1.4 STATUS: Open

8.2 CONTROL: WARM HELIUM GAS SUPPLY. The Warm Helium Gas Supply does not utilize any heaters nor is the
warm helium gas supply tank subject to excessive heating.

8.2.1 SVM: Review of Design
8.2.1 STATUS: Open

8.3 CONTROL: TTCS HEAT PIPES. The heaters on the TTCS radiator heat pipes will utilize two fault tolerance in the
implementation of thermostatic control of the heaters. To preclude these heaters from failing on, there are three
thermostatic control devices controlling the operation of the heaters (one in return leg of heaters) in addition to a computer
control of the heater’s operations through heater power application and thermal feedback from temperature sensors. Each
string of the heaters on the radiators is controlled in this two fault tolerance manner. The thermostatic threshold for the
heaters is set to TBD.

8.3.1 SVM: Review of Design for inclusion of heater thermostatic control and thermal threshold values
8.3.2 SVM: Thermal Analysis to Establish MDP

8.3.3 SVM: Functional testing/Acceptance Testing of thermostatic switches.

8.3.4 SVM: Inspection of flight hardware for proper installation of thermostatic switches.

8.3.1 STATUS: Open

8.3.2 STATUS: Open

8.3.3 STATUS: Open

8.3.4 STATUS: Open

8.4 CONTROL: TTCS TWO PHASE LOOP. The Tracker Thermal Controls System utilizes heaters on the two phase loop
that are not controlled in a two-fault tolerant means to prevent continuous heater operation. Thermal analysis of the two
phase loop indicates that only the temperature of the accumulator is capable of driving the pressure of the system to MDP.
Failed on heaters on the “loop” will only force the liquid phase of the working fluid to an alternate location. Only single
thermostatic control is implemented at these line heaters. The accumulator heater system implements a two-fault tolerant
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heater control circuitry as described in Control 8.5.
8.4.1 SVM: Analysis of TTCS Two Phase Loop thermal response to failed heater operations.
8.4.1 STATUS: Open

8.5 CONTROL: TTCS ACCUMULATOR HEAT PIPE/TTCS ACCUMULATOR. The TTCS Accumulator is heated by
the TTCS accumulator heat pipe that is situated down the center of the accumulator. The accumulator heat pipe extends out
of the accumulator and is fitted with heaters that will drive the overall pressure of the TTCS system. These heaters will be
controlled by thermostatic control devices that are attached to the heat pipe by way of a thermally conductive fixture. The
thermostatic control for the heaters is two fault tolerant, with one thermostatic control device implemented in the return leg
of the heaters. NOTE: In addition to heater control by thermostatic devices, the pressure of the TTCS is monitored and a
computer system is capable of shutting down the heaters if the pressure is too high for efficient operations.

8.5.1 SVM: Review of Design for inclusion of heater thermostatic control and thermal threshold values
8.5.2 SVM: Thermal Analysis to Establish MDP

8.5.3 SVM: Functional testing/Acceptance Testing of thermostatic switches.

8.5.4 SVM: Inspection of flight hardware for proper installation of thermostatic switches.

8.5.1 STATUS: Open

8.5.2 STATUS: Open

8.5.3 STATUS: Open

8.3.4 STATUS: Open

8.6 CONTROL: HEAT PIPES. The worst case thermal conditioning for heat pipes consider the heaters that have been
provided on the Tracker Radiator —- RAM, Main Radiator - RAM, Tracker Radiator — Wake, Main Radiator — Wake, CAB
heat pipe and the PDS heat pipes. Each of these heater systems have implemented a two fault tolerant system for inhibiting
heater operations over the thermal threshold that could induce pressures over the MDP. (Set points for some thermostats
are lower than the thermal environments that actually drive the MDP.) All heater systems utilize one thermostatic switch in
the power leg, one in the return leg that are set to lower, health maintenance temperatures below the safety limit and a third
“safety” thermostat that is dedicated to precluding exceeding the safety threshold for temperature (60°C, main radiators)
under worst case conditions and faults. Note: Independent of the safety controls there is a computer based, thermal sensor
driven control of the entire heater circuitry power supply that will activate if temperature gets too high to protect the
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c. PHASE:

II

electronics.
8.6.1 SVM: Heater Fault Tolerance Thermal Analysis

8.6.2 SVM: Review of design for inclusion of heater thermostatic control and thermal threshold values

8.6.3 SVM: Inspection of Flight Hardware to assure proper thermostatic control placement and parts used.

8.6.4 SVM: Functional testing of thermostatic switches/Acceptance testing.

8.6.1 STATUS: Open. Christian Vettore has completed the essential work and will be producing the final report.

(11/18/2005)

8.6.2 STATUS: Open
8.6.3 STATUS: Open
8.6.4 STATUS: Open

8.7 CONTROL: CAB LOOP HEAT PIPE. The CAB Loop Heat Pipe is indirectly heated by heaters within the CAB box
used to keep the avionics within an operating temperature range. These heaters are limited by thermostatic control (single
fault tolerant) and computer based control from exceeding the CAB operating threshold temperatures and the upper thermal
limit of the CAB Loop Heat Pipe that establishes the MDP. At least one thermostatic control devices will be located in the

return leg of the heater circuit.

8.7.1 SVM: Review of Design for inclusion of heater thermostatic control and thermal threshold values

8.7.2 SVM: Thermal Analysis to Establish MDP

8.7.3 SVM: Functional testing/Acceptance Testing of thermostatic switches and computer control

8.7.4 SVM: Inspection of flight hardware for proper installation of thermostatic switches.

8.7.1 STATUS: Open
8.7.2 STATUS: Open
8.7.3 STATUS: Open
8.7.4 STATUS: Open

8.8 CONTROL: CRYOCOOLER LOOP HEAT PIPE. The Cryocooler Loop Heat Pipe and the extension of those heat
pipes into the Zenith Radiators (four heat pipes) utilize a heater attached to the individual Cryocoolers attached thermally to
the loop heat pipes evaporators. The thermal load of the cryocoolers under worst case conditions, fault and environmental
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conditions have been used to establish the MDP for the loop heat pipes. This fault condition is controlled by a single
thermostat dedicated to the heater (68.5 W) itself, and as the cryocooler provides the actual driving heat source, two
independent thermocontrol devices will shut down the cryocooler operations (150W max) when the thermal threshold is
met. The MDP of the Cryocooler Loop Heat Pipe is established under this fault condition.

8.8.1 SVM: Review of design to assure single thermostatic control of heater and cryocooler thermal cut off devices
and control.

8.8.2 SVM: Inspection of the flight hardware for inclusion of thermostatic control for heater and cryocooler cut off
devices.

8.8.3 SVM: Thermal Analysis of Cryocooler Loop Heat Pipe to establish MDP.
8.8.1 STATUS: Open
8.8.2 STATUS: Open
8.8.3 STATUS: Open

8.9 CONTROL: CRYOCOOLERS. The each Cryocooler is equipped with a 68.5 watt heater with a single thermostatic
control and the heat load of the cryocooler operating at it’s maximum capability is 150W. This heater has been assessed for
failed on conditions and with the operating thermal load of the Cryocooler. MDPs of the Cryocooler and the Cryocooler
Loop Heat Pipe/Zenith Radiator have been established based on this analysis.

8.9.1 SVM: Review of design to assure single thermostatic control of heater and cryocooler thermal cut off devices
and control.

8.9.2 SVM: Inspection of the flight hardware for inclusion of thermostatic control for heater and cryocooler cut off
devices.

8.9.3 SVM: Thermal Analysis of Cryocooler to establish MDP.
8.9.1 STATUS: Open
8.9.2 STATUS: Open
8.9.3 STATUS: Open

8.10 CONTROL: TTCS OHP. The OHP utilizes a heater block with wire heaters. Thermal analysis indicates that failed
on heaters will not result in the OHP exceeding the established MDP for the system.
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8.10.1 SVM: Thermal Analysis
8.10.2 STATUS: Open

9. CAUSE: Meteoroid and Orbital Debris (M/OD) impact.

9.1 CONTROL: All pressurized tanks will be protected by M/OD shields. The shields are designed to meet the Probability
of Non-Penetration (PNP) requirement of 0.997 for the entire AMS-02 for 5 years (3 year mission with 2 year contingency)
on orbit based on SSP 52005.

9.1.1 SVM: AMS-02 M/OD Risk Analysis
9.1.1 STATUS: Open

10.0 CAUSE: Damage to Composite Overwrapped Pressure Vessel

10.1 CONTROL: All Composite Overwrapped Pressure Vessels will implement the ground handling damage control
requirements of ANSI/AIAA S-081 for the protection and inspection of COPV.

10.1.1 SVM: Review of TRD COPYV Protection Protocols

10.1.2 SVM: Review of Warm Helium Gas Supply COPV Protection Protocols

10.1.3 SVM: Inspection of TRD COPVs (at late in process as possible prior to flight)

10.1.4 SVM: Inspection of Warm Helium Gas Supply COPV (at late in process as possible prior to flight)
10.1.1 STATUS: Open

10.1.2STATUS: Open

10.1.3STATUS: Open

10.1.4STATUS: Open

10.2 CONTROL: Thermostatic control of the heaters mounted to the exterior of the TRD Composite Overwrapped
Pressure Vessels have four thermostatic control devices that are set to a thermal limit below the temperature that could
possibly induce delaminations.

10.2.1 SVM: Arde Certification of thermostatic control acceptability.
10.2.2 SVM: Inspection of as built hardware for proper thermostat installation.
10.2.1 STATUS: Open
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10.2.2 STATUS: Open
NOTES:
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ACRONYMS

°C — degrees Centigrade (Celsius)

mm — millimeter

ATAA — American Institute Aeronautics and Astronautics

MUAs — Material Usage Agreements

AMS-02 — Alpha Magnetic Spectrometer - 02

OHP - Oscillating Heat Pipe (experiment)

ANSI — American National Standards Institute

PNP — Probability of No Penetration

CAB — Cryomagnet Avionics Box

psi — Pounds per square inch

CO, — Carbon Dioxide

psia — Pounds per square inch absolute

COPV — Composite Overwrapped Pressure Vessel

SVM - Safety Verification Method

He — Helium

SVP — Structural Verification Plan

HP — Heat Pipe

TRD — Transition Radiation Detector

M/OD — Meteoroid/Orbital Debris

TTCS — Tracker Thermal Control System

MDP — Maximum Design Pressure

USS-02 — Unique Support Structure 02

MLI — Multilayer insulation

Xe — Xenon
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A. TRD Gas Supply

TRD Pressure System Components

. Mass Operating MDP' Burst Burst SF Proof Proof Analysis Reference
— Material Of .
Description . Of Fluid Pressure (max) Pressure Pressure SF Test or Document
Construction . . X Req Actual . ..
kg Ibm bar psid bar psid bar psid bar psid Similarity
Xe Storage .
D4815 v PP 49.4 109 106.9 1,550 206.8 3,000 641.2 9,300 2 3.1 310.3 4500 1.5 y 1522A
S Stainless Steel & Test
(similarirty: Liner SSP 30559C
D4636) 2
CO, Storage Carbon Fiber
Vessel, ARDE | o crwrapped Similarit
D4816 Verwrappe 50 | 110 | 648 | 940 | 2068 | 3,000 | 4413 | 6400 | 2 2.1 3309 | 4800 1.6 any | ssp30s559C
L Stainless Steel & Test
(similarity: Liner
D4683) 2
Mixing Vessel, .
ARDE C4810 2 Stainless Steel 0.1 0.22 13.8 200 20.7 300 82.7 1,200 2 4.0 41.4 600 2 Test SSP 30559C
Wrapped
Carbon-
TRD "Straw" NSTS 1700.7B
Tubes Kapt.on— 1.4 20.4 2.0 29.4 4.1 58.8 2 2.0 3.0 44.1 1.5 Test SSP 30559C
Aluminum
Composite
T};{"bmg Line 1 Stainless Steel | 0.003 | 0.01 | 1200 | 1,740 | 2068 | 3,000 | 8825 | 12,800 | 4 43 4137 | 6,000 2 Test
Plumbing Line . 5 NSTS 1700.7B
/4" Stainless Steel | 0.005 0.01 120.0 1,740 206.8 3,000 882.5 12,800 4 43 413.7 6,000 2 Test SSP 30559C
o NSTS 1700.7B
Marotta MV SeeData | <000 | 504 | 29 204 | 207 | 300 | 5171 | 7500 | 25 25 3103 | 4,500 15 | Similarity |y otta Spec
100 Valves Sheet 2 & Test
SP 1200
o NSTS 1700.7B
Marotta MV SeeData | <000 | 004 | 1069 | 1,550 | 2068 | 3.000 | 17237 | 25000 | 2.5 8.3 868.7 | 12,600 | 42 | Similarity |y otta Spec
197 Valves Sheet 2 & Test
SP 1200
Biirker Type
6124 Flipper
Valves (Box C: See Data Similarity
V8a.b and Sheet N/A N/A 1.7 25 2.0 29.4 8.6 125 2.5 43 TBD TBD TBD & Test
Manifold: VA,
B, C, D)
GP-50 Pressure See Data <0.00 Similarity NSTS 1700.7B
Sensors * Sheet 5 0.004 1.4 20.4 2.0 29.4 41.4 600 2.5 20.4 13.8 200.0 6.8 & Test SSP 30559C
GP-50 Pressure See Data <0.00 | <0.00 Similarity NSTS 1700.7B
Sensors * Sheet 5 4 13.8 200 20.7 300 62.1 900 2.5 3.0 41.4 600 2 & Test SSP 30559C
GP-50 Pressure See Data <0.00 | <0.00 Similarity NSTS 1700.7B
Sensors * Sheet 5 4 106.9 1,550 206.8 3,000 620.5 9,000 2.5 3.0 413.7 6,000 2 & Test SSP 30559C
Kulite Pressure . <0.00 | <0.00 Similarity NSTS 1700.7B
Senosrs * Stainless Steel ) 4 13.8 200 20.7 300 62.1 900 2.5 3.0 41.4 600 2 & Test SSP 30559C
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TRD Pressure System Components
Material OF Mass Operating MDP! Burst Burst SF Proof Proof | Analysis Reference
Description C el Of Fluid Pressure (max) Pressure Pressure SF Test or Document
onstruction . : . Req Actual . L
kg lbm bar psid bar psid bar psid bar psid Similarity
Kulite Pressure . <0.00 | <0.00 Similarity NSTS 1700.7B
Senosrs Stainless Steel ;5 p 1069 | 1,550 | 206.8 | 3,000 | 6205 | 9,000 | 2.5 3.0 3103 | 4,500 1.5 & Tost SSP 30556C
TheLeeCo Stainless NA | NA | 207 300 | 2068 | 3,000 | 4137 | 6,000 | 2.5 2.0 TBD TBD | TBD Test
restictors Steel, 304L
7 micron Inline See Data N/A | NA | 1069 | 1,550 | 206.8 | 3,000 | 827.4 | 12,000 | 2.5 4.0 TBD tBD | Tep | Similarity
Filters Sheet & Test
Pressure
Container for
CO; sensor, . 1.0 - 14.7 - MIL-STD-
Stainless Steel | <0.01 | <0.02 2.0 294 4.1 58.8 2 2.0 3.0 44.1 15 Test 1522A
pumps, and 1.4 20.3 SSP 30559C
relief valves in
Box C*?®
. Stainless Steel | <0.00 | <0.00 | 1.0- | 14.7- NSTS 1700.7B
Monitor Tubes CrNi 18.10 5 4 14 203 2.0 29.4 8.1 117.6 4 4.0 3.0 441 1.5 Test SSP 30559C
See Data <0.00 | <0.00 | 1.0- | 14.7- NSTS 1700.7B
Pumps Sheet ;5 p i 03 1.7 25.0 2.4 35.0 2.0 N/A N/A N/A Test SSP 30556C
Marotta .
. See Data <0.00 Similarity NSTS 1700.7B
2
gr;is;rg Relief Sheet <.002 4 18.6 270 20.7 300 61.0 885 2 3.0 32.8 475 1.6 & Test SSP 30559C
. MIL-STD-
\P/raelss:goReé‘ef Seseil]s;ta <002 <°4°° 1.4 20.4 2.0 29.4 20.7 300.0 2 10.2 3.0 44.1 15 Test 1522A
ve Box SSP 30559C
Burst Disks Box | g, inless Steel | <002 | ~°00 | 203 295 203 | 295 203 295 | NJA | N/A N/A N/A N/a | Similarity | BS & B, MS.
S 4 & Test 18
ézlsgsl Port Stainless Steel 1069 | 1550 | 206.8 | 3,000 | TBD TBD 2.5 TBD TBD | TBD
S,g]i/ S ;ﬂl Port Stainless Steel 64.8 940 206.8 | 3,000 | TBD TBD | 25 TBD TBD | TBD
é(zpi”} Port Stainless Steel 1069 | 1550 | 206.8 | 3,000 | TBD TBD | 255 | TBD TBD | TBD
SS;SF}“ Port Stainless Steel 64.8 940 | 206.8 | 3,000 | TBD T™BD | 25 | TBD TBD | TBD
Box C GSE 1.0 - 14.7 -
Interface Valves | Stainless Steel l 4 2(') 3 2.0 294 TBD TBD 2.5 TBD TBD TBD
4 . L
Box C GSE . 1.0 - 14.7 -
- )
Interface Caps * | Stainless Steel o 04 2.0 29.4 TBD TBD | 25 TBD TBD | TBD

Notes:

' MDP has been established based on worst case thermal profile and where applicable (with mechanisms to fail) worst case two fault condition.

% Pressure is in psig.
® Pressure is in psia

* Manufactured at CERN and pressure is in psia

3 As per data approved by Peter Fisher, file: TRD_gas-press.doc, 06/23/2004

® Burst pressure equals 5% to the stamped burst pressure of 295 psig; proof SF is 80% of stamped burst pressure.
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TRD Manifold-Straw Representation
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j"'®®_ Xe vessel <20W
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XNe vessel <20W

~HIND— CO2 vessel <24W
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CO2 vessel <24W

~eHIT)—] Preheater <10W
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Preheater <10W

:

Valve Tower <10W

Valve Tower <10W

TRD Tank Heaters
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TRD GAS Tanks With Installed Heaters

A.5-30



T 4 valve unit 11W - T
'-I_r’ 4 walve umit 11W

—[:f_>— 4 valve unit 11W

IFT} 2 valvefilter TW

) i->_ 2 valvefilter TW

[V

27°C
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—[T)—] 2 Valve GPS0 5W t 0
o [TH— 2 Valve GP30 5W — 1 110

[ I>_ C-tank 10%W

1) C-ank 10W

T A0 wvalves AW [
J>_ 4C-valves 4W

[T> —| 4C-valves 4W

TRD Gas Valve Block Heater
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Temperature

Average

Location T Open T Close Tolerance Number
Range Temperature
Xe Tank 20°C-65°C 42.5°C 49°C 38°C +2.8°C 8
CO2 Tank 34°C-65°C 48.5°C 54 43 +2.8°C 8
Tower 24°C-41°C 32.5°C 38 27 +2.8°C 2
2 Valve Filters, 2 o o o o
Valve GP50 5°C-39°C 22°C 27 16 +2.8°C 4
4 Valve, Vent Valve 5°C-39°C 22°C 27 16 +2.8°C 4+1
Box C 7°C-24°C 15.5°C 21 10 +2.8°C 2+1

TRD Gas Supply Thermostat List
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Temperature —

Jurn

55 LVLH YPR (=15, 15, —15) beta = 0
AMS power turned off

—=—1 TRDGE 4000 Baseplate
—=—T TRDGE 1001 ¥e
—=—T TRDGE 2001 COZ2

100

=100

=200

=300

xb“h
40,0 i

hﬁ_’“"ﬁ'—_ﬁb‘—«szﬁ_

=500

40.0 BO.C 1200 160.0 200.0 2400
Time — Hours
22 2008

TRD coldest thermal conditions assuming greater than 200 hours in coldest attitude and power off.

280.0
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B. Warm Helium Gas Supply

Warm Helium Gas Supply Pressure System Components
. Mass Operating MDP Burst Burst SF Proof .
— Material Qf Of fluid Pressure Pressure Req Pressure Proof Analysis Reference
Description Constructio uire Actual SF Te§t or Document
n kg Ibm Bar psid bar psid bar psid d bar psid Similarity
Warm Helium AL2219, 1 |
Tank Cgrbon 241 .53 200 2940 301 4433 938 13789 2.5 3.1 500 7350 1.5 Test
Fiber
6061 T6
Al Aly.,
316 55T, Manufacturer’s
Relief Valve RV03 VESPEL 6 88 10 147 24.8 365 2.5 >2.5 15 220 1.5
Data
SP1, 320
SST,
TEFLON
6061 T6
Al Aly.,
316 SST, Manufacturer’s
Relief Valve RV04 VESPEL 6 88 10 147 24.8 365 2.5 >2.5 15 220 1.5
Data
SP1, 320
SST,
TEFLON
Al Aly.,
MV40 (High CRES 17-
Pressure Side, 4H, CRES 200 2940 301" 4433! 450 6615 1.5 Test
Inlet) 300 SER,
Nylon
Al. Aly.,
MV40 (Low CRES 17-
Pressure Side, 4H, CRES 6 88 1 162" | >27.5 >404 2.5 >2.5 11.5° 169 1.05% Test
Outlet) 300 SER,
Nylon
Fill and Drain
Port MV42 (High | 6Al4V 200 | 2940 | 301" | 4433' | 750 | 11025 | 25 | =25 450 | 6615 | 15 Test
ressure Side, Titanium
Inlet)
Heliomatic
Cryogenic Valve .
]r)yvgs’ DV0S, Stainless
DV06a, DVOsb, | Sweel 316L
DV07’ DV10 > EN1.4404, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
¢ > 1.4432
DVI12,DV14 1 4435’
(Helium :
Operating)
Burst Disk BD15 Sfézinﬁs& 2207%' 2399%%' 301 | 4366
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Warm Helium Gas Supply Pressure System Components

. Mass Operating MDP Burst Burst SF Proof .
- Material Qf Of fluid D — B . ey DS Proof Analysis Reference
Description Constructio uire Actual SF Te§t or Document
n kg Ibm Bar psid bar psid bar psid d bar psid Similarity
Nickel 200
Warm Valve Manufacturer’s
DV20A, DV20B, CRES -1 -14.7 1 162! 450 6525 2.5 40.9 225 3265 20.5 Test Qualification
DV20C, DV20D Documentation
PAA GF60,
Brass
wamvabe | (S
DV21A, DV21B, Ni’tric ’ 6 88 11! 162! >27.5 >404 2.5 >2.5 >16.5 >243 >1.5 Test
DV2I1C,DV21D
Rubber,
POM,
Aluminum
Warm Valve Manufacturer’s
DV22A, DV22B, CRES 6 88 1 162! 450 6525 2.5 40.9 225 3265 20.5 Qualification
DV22C, DV22D Documentation
PAA GF60,
Warm Valve Brass
DV52,DV53, Spring
DV55, DV56A, Steel, Steel, 1 1
DV56B, DV57. Nitric 6 88 11 162 >27.5 >404 2.5 >2.5 >16.5 >243 >1.5 Test
DV60, DV62, Rubber,
DVo64 POM,
Aluminum
Burst Disk S?éziIHSITSGSL 1 14.7 1° | 162° 0 0 0 0
BD17A, BD17B Nickel 200
4 mm, 3 mun L. SCL - Warm
ine from pilot .
valves to Vr&)/eka 316 S8 6 88 1 162" | >728 | >10702 | 4.0 | >66.1 728 10702 | 66.1 A Helium Supply
Grade A Pipe Yield
valves. See Note Pressures
11 for fittings
(’lmmti 4 mm LD. SCL — Warm
ine from warm .
helium supply to 316 S8 200 2940 | 301" | 4425' | >1000 | >14700 | 4.0 1000 | 14700 | 3/3 A Helium Supply
: Grade A Pipe Yield
pilot valves. See Pressures
Note 11 for fittings
Bellows actuators Stainless | 1
in Current Leads Steel 316L 6 88 11 162 >27.5 >404 2.5 >2.5 >16.5 >243 >1.5 Test
Weka Activation
Mechanism for Stainless
DV09A-B 116 6 88 I 162" | >275 >404 25 >2.5 >16.5 >243 >1.5 T
DVI1A-B
DVISA-D
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Warm Helium Gas Supply Pressure System Components

. Mass Operating MDP Burst Burst SF Proof .
- Material Qf Of fluid D S ey DS Proof Analysis Reference
Description Constructio uire Actual SF Test or Document
n kg Ibm Bar psid bar psid bar psid d bar psid Similarity
DV16A-B
. Testing of
Pilot Valve Stainless 1 1 vessel to 16.5
Steel 304- -1 -14.7 11 162 88 1294 2.5 8 37.7 554 34 A .
Vacuum Vessel S12 bar will also be
accomplished.
Warm valve pilot
valves
DV61AS-BS PAA GF60,
DV61A0-BO Brass,
Spring
DV66AS-BS
Steel, Steel, 6 88 1 162" | 275 | >404 25 | >25 | >165 | >243 | >15 T
DV66A0-BO Nitric
Rubber,
DV59AS-BS POM.
DV59AS-BO Aluminium
DV65AS-DS
DV65A0-DO
Notes:

MDP has been established based on worst case thermal profile and where applicable (with mechanisms to fail) worst case two fault condition.

! Derivation of MDP values per NSTS 1700.7B and ISS Addendum, section 208.4

The maximum design pressure (MDP) for all systems considered in this report is set by the upper defined limit of the relevant pressure relief device which is a space-qualified bursting disc or relief valve.
The bursting disc systems have been extensively assessed by LM/NASA and SCL and accepted.

a) 3 bar Pressure Relief

The pressure is set by the upper limit on the differential pressure, when cold, necessary to rupture bursting disc BD03, shown on SCL Cryogenic System Schematic Drawing SCD 1000.

In service and in test, the downstream pressure on this disc is kept at zero bar absolute. In the warm state, the bursting disc will rupture at less than 3 bar.

b) 25 bar Pressure Relief

The pressure is set by the upper limit on the differential pressure, when cold, necessary to rupture bursting disc BD02, shown on SCL Cryogenic System Schematic Drawing SCD 1000.
Although in service the downstream pressure is ~ 10 mbar (fill vacuum), the design allows for the downstream pressure being 3 bar abs. The superfluid cooling loop SCL is thus designed for
25 bar abs (and differential), whereas the bursting disc BD02 is set for a maximum differential of 23 bar, in the cold state. In the warm state, the bursting disc BD02 will rupture at less than 22
bar differential.

¢) 10 bar Pressure Relief

The pressure is set by the upper limit on the burst disc differential pressure and vacuum case vacuum, when cold, necessary to rupture bursting discs BDOSA, BD0O5SB, BD10A,
BD11A,BD11B, BD12A, BD12B, BD13 shown on SCL Cryogenic System Schematic Drawing SCD 1000.

Although in service the pipework pressure is < 1.0 bar, the design allows for the trapped volume pressures being up to 11 bar abs. (10 bar differential of the bursting disc failing to atmosphere +
1 bar vacuum in the Vacuum Case) The general pipework is thus designed for 11 bar abs (and differential), whereas the bursting discs listed are set for a maximum differential of 10 bar.
d)RV03 /RV04 RV03 and RV04 relief valves operate in parallel and pressure is set by the upper limit of the relief valve cracking pressures.

> _ Pressure on upstream side of disc absolute

8L66Y DSI
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BDI2B

10 bar 10 bar

= 2
= %l -
= Vacuum Vessel V36 | I
§ T anb'm MV34B
& |=— 2 ar
== §° iXe . | MV34A
e : D2 |BDI3A
H oD |lll Tbar
| BDO05A BDOSB
o _— 10 bar 10 bar
Liquid | Coned
L J LiHelium | syt V.
I GSE Interface To Current To Cryogenic Valves Fill Port = DV09A DVO9B - Vent
Lead Vapour o pvis pyisc P
Disconnect Cooled >
& Cryocooler Shickl
Vapour = e
. Cooled Vapaar Large
Burst Disc Leads |[L ey Forrey DVISB DVI5D Flight Vent
) . To VCS4 Vapour
Do Double Crimp and Welded Seal 1 DVI0 Coated
Helium o i
~ : Suppl £
e Nozzle upply Cryocoolers 14 BDO02 oXpviz  ¥o DV V02{1.6 bar
= . 20 bar DVD6A DV6B Dvo3 ' BDO7A BDO7B BDO7C
Thermomerer — r =, 0.8 bar 0.8 bar 0.8 bar
U I
- i Thermomechanical Porous MV33A MV3IIB
-, Helium Level Probe MV30 -3 Pump TMPO1 Plug 3
=2Cold Heat"™P f{"‘?’gﬂ‘q
<<= Exchanger =1 etum
Pressure Transducer << i Cold Persistent ) BD03  [BDocA BDOGB Ve™
Buffer Switch Helium I1 3bar  [|3bar 2bar
* Valve - Pressure Relief MV43 Thermometers
Valve - M Iy A d 4 e .
>4 or Regulated MVITE  MVITA g zl:j;l e &f":llm 8
& Valve - Heliomaric BD11A ((Eooi ,I:OW" Thermometers .<-%ﬁlre-rﬁ-n-.
AArcunl
10 bar
< Mass
& Valve - Electrically Actuated BDIIB :hcml%r::;;‘lzamcal g Gauging
L
10 bar P Heaters
& Valve - Pilot
Pump
o I—& v&v MAIN HELIUM TANK

VACUUM VESSEL

Cryogenic Superfluid Helium System (With Warm Helium Gas Supply)

8L66Y DSI



8¢SV

&stms
e

DV66BS

DV6e6BO E

DVG66AS

DV59BS
P
DV59A0 DV59BO
&I}VGI BS DV65DS,
DV6I1BO DV65DO
&1)%1&\5 DV65CS %
DV6IAO DV65CO

DV65BS

DV65BO

DV66AO

DV65AS
DV65A0

5

To Warm Weka Valves

Not shown, valve actuator chambers of Weka Valves

et
T

RVU'4? ? RV03
10 bar 8 bar

BD15 XMV40
300 bar MV42

Warm
Helium

Supply

Vacuum Vessel DV36
[} w - -
ufy 1] -] -1
Lt - (> ]
u A 4 =l
DV21 4 9& E4 <
c oXD a & Q
L | L | | =I5 | I I
To Current To Cryogenic Valves

Lead Not shown, valve actuator chambers of Weka Valves

Disconnect

|| II| O - Commands Weka Valve Open

S - Commands Weka Valve Shut

Warm Helium Gas Supply (See Legend on Cryosystem Diagram)
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flow

Functionally the
Weka Heliomatic
Valves use helium
pressurant to
activate a bellows
that will either
open or close a
latching valve.
Pressurizing the
opposing bellows
is required to
reposition the
valve.

This function is
consistent with
both the cryogenic
and warm valves.

Weka Heliomatic Warm Valve

Activation
Port (Other
hidden in
this view)
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Actuating
gas line

Potentiometer

Cold helium
outlet

Cold helium
inlet

Weka Heliomatic Cryogenic Valve
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C. Tracker Thermal Control System

Tracker Thermal Control System Pressure System Components

Material OF Mass Operating MDP' Burst Burst SF Proof Proof Analysis Reference
Description Construction Of fluid Pressure Pressure Re Actual Pressure SF Test or Document
. . . q ctual . S
kg Ibm bar psid bar psid bar psid bar psid Similarity
Lo ANSI 316L .2 NSTS 1700.7B
Liquid Lines Stainless Steel 0.0 0.0 0.0 0.0 160.0 | 2320.0 | 2569.7 | 37270.0 4.0 16.1 239.9 3480.0 1.5 Analysis SSP 30559C
Two Phase
. ANSI 316L .2 NSTS 1700.7B
Lines to Stainless Steel 0.0 0.0 0.0 0.0 160.0 | 2320.0 | 2569.7 | 37270.0 4.0 16.1 239.9 3480.0 1.5 Analysis SSP 30559C
Condensers
Evaporator ANSI 316L . ) NSTS 1700.7B
lenes Stainless Steel 0.0 0.0 0.0 0.0 160.0 | 2320.0 927.7 13455.0 4.0 5.8 0.0 0.0 1.5 Analysis SSP 30559C
Combined
Evaporator
Lines (i.e. 2- ANSI 316L .5 NSTS 1700.7B
phase ir(llet and Stainless Steel 0.0 0.0 0.0 0.0 160.0 2320.0 1888.2 27386.0 4.0 11.8 0.0 0.0 1.5 Analysis SSP 30559C
outlet heat
exchanger)
pumps 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
valves 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
flow sensors 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
pressure sensors 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
fittings 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TTCS A316LN Analysis
Accumulator CRES 160.0 | 2320.0 614.6 8911.7 2.5 3.84 240 3480.9 1.5 and Test
TTCS Analvsi
Accumulator 316L 29.5* | 427.6° | 12000 | 174045 | 4.0 40.7 443 641.8 1.5 naysis
. and Test
Heat Pipe
TTCS
Accumulator " 4
Heat Pipe inside 316L 160 427.6
Accumulator
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

TTCS COMPONENTS NEED TO BE INDIVIDUALLY DETAILED IN THIS TABLE WITH EACH COMPONENT AND LINE HAVING ITS OWN ENTRY

Notes:

1) MDP has been established based on worst case thermal profile and where applicable (with mechanisms to fail) worst case two fault condition.
2) Burst Safety Factor is calculated from the material allowable stress and pipe geometry

3) Ref TCS Hardware Design Report AMS-OHB-DER-001 Issue 2, Revision A, May 5, 2005
4) MDP of heat pipe is based on environment, one environment is exposed to space vacuum and the other 160 bar of the accumulator interior

8L66Y DSI
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Tracker Radiator Heat Pipes Pressure System Components

. Mass Operating MDP! Burst Burst SF Proof Proof Analysis Reference
. Material Of OFf fluid P ¢ P R P
Description e ——— ul Tessure ). . ressure . Eq Al Tessure . SF Te§t o'r Document
kg Ibm bar psid bar psid bar psid bar psid Similarity
Embedded Heat Note .5 NSTS 1700.7B
Pipes AL 6063 5 4.0 58.0 20.0 290.0 174.7 2534.0 4.0 8.7 30.0 435.0 1.5 Analysis SSP 30559C
Notes:
1) MDP has been established based on worst case thermal profile (50°C) and where applicable (with mechanisms to fail) worst case two fault condition.
2) Burst Safety Factor is calculated from the material allowable stress and pipe geometry
3) Heat pipes single components and not a part of a greater pressure system. Burst Factor of 4.0 is used (2.5 could be used for heat pipes as components.).
4) Ref TCS Hardware Design Report AMS-OHB-DER-001 Issue 2, Revision A, May 5, 2005
5) There are 7 embedded heat pipes with different lengths, mass of fluid (ammonia) ranges from 44.6 grams for the shortest to 52.6 grams for the longest
6) Calculated at 0°C, typical working temperature of the tracker cooling loop
TTCS Oscillating Heat Pipe Experiment
g 1
Nl Ol;’[gs_sd (;peratlng MDP PBurst Burst SF PProof Proof Analysis ReliEmnes
g ui ressure ressure ressure
Description Condimsien . . . qu Al . SF fl“gst or Document
kg Ibm Bar psid bar psid bar psid bar psid Similarity
TTS;;—ZIeat Stainless Steel | .0026 | .0056 5.3 76.8 21.3 308.9 4 4 8 116 1.5 TBD
Notes:

1) MDP has been established based on worst case thermal profile (most extreme,80°C)
2) Inner Radius of tube .5 mm, thickness .1 mm
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TTCS main hardware location RAM

S-Wake
Condenser

Port side

Tube support
beam (P+S)

Primary
TTCSB

S-Ram
Condenser

P-Ram
Condenser

| P+S Evaporator
(Inside Magnet)

- P-Wake | |
Condenser A

+Z

+X

+Y

Components of the Tracker Thermal Control System
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ey SameforbusB
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same for S

AMS 02 TTCS Primary Loop

A
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A live

_____________ a
-, g{:gi:... Primary TTCS |
Component Box |
(TTCBP) |
PLINDP... Port side |
Tracker + exits el I
11 x AW Dallas sensors |
11 = Bm |
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LN | |
PLINDP... = APS1aP|
i | PI3RP 5 o
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[ |
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PLZRbP |
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| |
PSNBP...PISRBP
| 1 DPS1aP |
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: PiTaP. PITHP - DPS1bP | PHOBP
: HTR2aP L 0- I
= |
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| - |
3 | |
. | | | 5
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B | SHPbox B 22 = AR Dallas sensors |
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o
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LFM = Liquid Flow Meter

DPS = Differential Pressure Sensor
APS = Absclute Pressure Sensor

A
o
o
o
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Therma Electric Cooler

Pt1000 Temperature Sensor

Condenser manifolds

Hydraulic connector

Welded connections

Terminal Block

TTCS Primary Loop
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Pt11bP
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A

TTCE

L
same for 5
condenser

8L66Y DSI



Sv-¢'V

Tracker + exits
11 = AD Dallas sensors
11 =BO

g e o | o e e - \
P
Pgﬁg Secondary TTCS | |
Component Box ||
(TTCBS) 1

PriNBS.. Starboard side
PHRDS

PA3NDS..
| PI3RDS

P13Nas..
| WTR1as) | PGRaS i ‘OAPS1ba|
IF'MNaS. PHRasS i F‘IZ?HS |
a , L
b < % |
|
L}.@.J PZNbS 1
PIZRbS |
\ PMP1bS |
I I
E PI5NDS.. PtSRbS
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- Ioisnas.. PisRas =
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= 1 I
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; I I
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A live PIEDS | Tracker + exits ® ww 1 L A live |
TCE | B 1 :g % g: Dallas sensors @ SHSbox B @ | B TTCE
T ; : T
same for P same for P
condenser condenser
0—@ Centrifugal Pump Thermo Electric Cooler
P11000 Temperature Sensor
Y b | Electrical Heater A -
ﬁ Valve ' Condenser manifolds.
@ Thermostat ' Hydraulic connector
QO  Sensors: #  Welded connections
LFM = Liquid Flow Meter
DPS = Differential Pressure Sensor Terminal Block

APS = Absolule Pressure Sensor

TTCS Secondary Loop
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TTCS Accumulator Cross Section with Accumulator Heat Pipe.

Heat Pipe
Restrained
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TTCE Accumulator Heat Pipe Design
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Tracker
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Pipe

7

VLI 7T 7 7 7P rrrl 77 P77 77777777777 77777777

2600
B —=
4163\ = 1
ek \ e B8 i B 240 B g8\
ot \ = MM S g8 M
et e —_——— = ———— 3
- 2250 o
321.6 \‘g ------------- 1
2l
L6 ‘1 ——— —_————— ‘-
1616 \g ...... s 53
s186 \@®' ------ T e~ T v T v~ FIoIo]
B —»
Q& bl
T ©
340 485

Tracker TTCS Radiators
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TTCS-P-Box
ACUF
HTR7aP T'?}?/ =
1 1| CHTREbE
< < < = | L5
E— | ——— 1
HTR4aP HTR4hP HTR3aP

_ L T e
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\ HTR8aP

—LAAN

TTCS-S-Box
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HTR7as —HIEI !
i a =

=
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“HTRSLS
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- e =
= P =
HTR4as HTR4hS

L o e L e T

~ HTREbS |

HTR9as

6V-S'V

S
LR

TTCEA

TTCEA

PDS

Tracter TCS Accumulator Heater Circuit.

Note: Ground test heaters (HTR8xx) are not connected during flight.
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Branch 1 {Radiator)

Branch 1 {Cond) Branch 3 [Rad) Branch 4 (Rad) Branch 5 (Rad) Branch & (Condenser) Branch 7 {Radiator)
I s [
[T R |  e— [
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@
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Tracker Radiator Heater Circuits with Thermal Switches.
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HHRAM1A HHRAM2A

R L Y Y Y o

HHRAM3A,....,HHRAMSA

HHRCONRAMP1A,...,.HHRCONRAMP 14A

HHRAM10A,...,HHRAM16A

HHRAMA17A,...,HHRAM23A

HHRAM24A,.... HHRAM30A

HHRCONRAMS1A,....,HHRCONRAMS14A

HHRAM31A,....,HHRAM39A

] Bus B X
§ \ Same as bus A \
PDS

Tracker Radiator Heater Schematic (RAM)

HHWAKE1A HHWAKE2A

HHWAKE3A,.... HHWAKESA

HHRCONWAKEP14A

HHRCONWAKEP1A,....,

HHWAKE10A,.... HHWAKE16A

HHWAKE17A,.... . HHWAKE23A

HHWAKE24A, ... HHWAKE30A

HHRCONWAKES1A,..... HHRCONWAKES14A

SHHWAKE31A., ... HHWAKE39A
| .

f

j /

/

‘ /

f

Bus B \J J

‘ Same as bus A \}

PDS

Tracker Radiator Heater Schematic (Wake)
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TTCS Accumulator Proposed location of Thermoswitches
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Figure 4-1. Condenser cool down sequence
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Figure 4-2: Condenser heat up sequence

Overview of Thermal Testing of Capillary Tubing for Freeze/Thaw Testing
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Carbon Dioxide: Temperature - Pressure Diagram

10000.0
_____,_,_,_._-—-r'—'_""___—'_—._
) E—
__.—"’__—'fp
1000.0
Solid Liquid
100.0
Critical Point
.--—-"_'_F._F-_-.-.
-] _.--“"'"-'_F._'
.-""""—'f
—-—-—‘"""""’H
10.0 /J/
Triple Point
MV
i Vapor
1.0 /
0. A

-100 -80 -0 -70 -E0 -50 -40 =20 -20 -10 0 10 20 an 40

Temperature, T
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Aluminum plate

7x capillary tubing

Capillary Tube Mounting Plate for Condenser
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D. Thermal Control System

Cryomagnet Avionics Box Loop Heat Pipe Pressure System Components

. Mass Operating MDP' Burst Burst SF Proof Proof Analysis Reference
_ Material Of . k;
Description Construction Of fluid Pressure”) Pressure qu Actual Pressure SF Test or Document
kg Ibm bar psid bar psid bar psid bar psid Similarity
Loop heat pipe AISI 321 .2 NSTS 1700.7B
evaporator stainless steel 15.0 217.6 20.3 294.0 | 208.5 3024.0 4.0 10.3 30.4 441.0 1.5 Analysis SSP 30559C
Loop heat pipe AISI 321 .2 NSTS 1700.7B
reservoir’ stainless steel 0.055 | 0.121 15.0 217.6 20.3 294.0 | 165.5 2400.0 4.0 8.2 30.4 441.0 1.5 Analysis SSP 30559C
Loop Heat pipe | AISI321 .2 NSTS 1700.7B
vapor tubes stainless steel 15.0 217.6 20.3 294.0 | 672.4 9753.0 4.0 33.2 30.4 441.0 1.5 Analysis SSP 30559C
Loop Heat pipe | AISI321 .2 NSTS 1700.7B
liquid tubes stainless steel 15.0 217.6 20.3 294.0 924.0 13401.0 4.0 45.6 30.4 441.0 1.5 Analysis SSP 30559C
Loop Heat pipe .2 NSTS 1700.7B
condenser tubes A1 6063 15.0 217.6 20.3 294.0 | 450.5 6534.0 4.0 222 30.4 441.0 1.5 Analysis SSP 30559C
Bypass valve
gas bellow — AI.SI 321 6.0 87.0
7 stainless steel
Argon
Bypass valve
liquid side — AI.SI 321 6.0 87.0
. stainless steel
Ammonia
Notes:
1) MDP has been established based on worst case thermal profile and where applicable (with mechanisms to fail) worst case two fault condition.
2) Burst Safety Factor is calculated from the material allowable stress and pipe geometry
3) Heat pipes are part of a pressurized system and are not isolated. Burst Factor of 4.0 is used (2.5 could be used for heat pipes as components.)
4) Ref TCS Hardware Design Report AMS-OHB-DER-001 Issue 2, Revision A, May 5, 2005
5) Mass of working fluid is allocated to reservoir for accounting purposes.
6) Calculated at 40°C; maximum operating temperature of CAB
7) Operating Pressure calculated at 20°C
Cryomagnet Avionics Box Heat Pipes Pressure System Components
. Mass Operating MDP' Burst Burst SF Proof Proof Analysis Reference
L Material Of . k;
Description Construction Of fluid Pressure”) Pressure qu Actual Pressure SF Test or Document
kg lbm Bar psid Bar psid bar psid bar psid Similarity
Body mounted Note .2 NSTS 1700.7B
Heat Pipes AL 6063 5 15.0 217.6 20.0 290.0 174.7 2534.0 4.0 8.7 30.0 435.0 1.5 Analysis SSP 30559C
Notes:

1) MDP has been established based on worst case thermal profile and where applicable (with mechanisms to fail) worst case two fault condition.
2) Burst Safety Factor is calculated from the material allowable stress and pipe geometry
3) Heat pipes single components and not a part of a greater pressure system. Burst Factor of 4.0 is used (2.5 could be used for heat pipes as components.)
4) Ref TCS Hardware Design Report AMS-OHB-DER-001 Issue 2, Revision A, May 5, 2005
5) There are 2 heat pipes with different lengths, mass of fluid (ammonia) is 5 grams for the shortest and 7 grams for the longest
6) Calculated at 40°C; maximum operating temperature of CAB
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USS-02 Structure Heat Pipes Pressure System Components

Material Of WAz Operatinég MDP' Burst Burst SE Proof Proof Analysis Reference
Description Construction Of fluid Pressure”) Pressure qu Actual Pressure SF Test or Document
kg lbm Bar psid bar psid bar psid bar psid Similarity
USS Mounted Note . 2 NSTS 1700.7B
Hp Al 6063 5 15.0 217.6 20.3 294.0 | 174.7 2534.0 4.0 8.6 30.4 441.0 1.5 Analysis SSP 30559C
Notes:
1) MDP has been established based on worst case thermal profile and where applicable (with mechanisms to fail) worst case two fault conditions.
2) Burst Safety Factor is calculated from the material allowable stress and pipe geometry
3) Heat pipes single components and not a part of a greater pressure system. Burst Factor of 4.0 is used (2.5 could be used for heat pipes as components.)
4) Ref TCS Hardware Design Report AMS-OHB-DER-001 Issue 2, Revision A, May 5, 2005
5) The USS-02 Structure Heat Pipes consist of three non-embedded heat pipes that each contains 6.8 grams of ammonia.
6) Calculated at 40°C; maximum operating temperature of CAB
WAKE HP 2WAKE LHPs
"1 TOP HP

2 LHF Condenzers

CAB Loop Heat Pipe
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Cryocooler Loop Heat Pipe/Zenith Radiators Pressure System Components

3 Mass Operating MDP' Burst Burst SF Proof Proof  Analysis
e Material Of ; E
Description O ——— Of Fluid Pressure Pressure Req Actual Pressure SF Test or
kg Ibm Bar Psid bar psid bar psid } bar psid Similarity
Loop Heat Pipe AISI 321 4.0 58.0 180 2610 1654  2399.0 4.0 9.2 27.0 392.0 1.5 Analysis’®
Evaporator stainless steel
Loop HeatPipe  AISI32L 000 093 40 580 180 2610 1231 17850 40 68 270 3920 15  Analysis’
Reservoir stainless steel
Loop Heat Pipe AISI 321 13401. .2
Liquid Tubes stainless steel 4.0 58.0 18.0 261.0 924.0 0 4.0 51.3 27.0 392.0 1.5 Analysis
Loop Heat Pipe AISI 321 4.0 58.0 180 2610 6724 97530 40 374 27.0 392.0 1.5 Analysis’®
Vapor Tubes stainless steel
Loop Heat Pipe  AISI 321 40 580 180 2610 2661 3859.0 40 148 270 3920 15  Analysis
Valve stainless steel
Loop Heat Pipe
Condensor AL 6063 <4.0 <58.0 18.0 261.0 252.2 3658.0 4.0 14.0 27.0 392.0 1.5 Analysis®
Tubes
Bypass valve
AISI 321
gas bellow — stainless steel 6.0 87.0
ARGON (6)
Bypass valve
liquid side — AISI 321 6.0 87.0
stainless steel
Propylene
Notes:

1) MDP has been established based on worst case thermal profile and where applicable (with mechanisms to fail) worst case two fault condition.

2) Burst Safety Factor is calculated from the material allowable stress and pipe geometry

3) Listed Components are part of a pressurized system and are not isolated. Burst Factor of 4.0 is used (2.5 could be used for heat pipes as components.)
5) Mass of working fluid is allocated to reservoir for accounting purposes.

6) Operating Pressure calculated at 20°C

7) Calculated at 0°C, typical working temperature of the cryocoolers

Reference
Document

NSTS 1700.7B
SSP 30559C
NSTS 1700.7B
SSP 30559C
NSTS 1700.7B
SSP 30559C
NSTS 1700.7B
SSP 30559C
NSTS 1700.7B
SSP 30559C

NSTS 1700.7B
SSP 30559C
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:

Four Radiators of the Zenith Radiators/Cryocooler Loop Heat Pipe System
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Wake and Ram Radiator (Crates) Heat Pipes Pressure System Components

AMS-02 Wake and Ram Radiators

Material OF Mass Operating MDP! Burst Burst SF Proof Proof | Analysis Reference
Description Construction Of fluid Pressures) Pressure RSq Actual Pressure SF Test or Document
kg Ibm bar psid bar psid bar psid bar psid Similarity
Embedded Heat AL 6063 Note 150 | 2176 | 250 | 3625 | 1554 | 22540 | 40 | 62 300 | 4350 | 15 | Analysiss | NSTS 170078 SSP
Pipes 5 30559C
Notes:

1) MDP has been established based on worst case thermal profile and where applicable (with mechanisms to fail) worst case two fault conditions with a relevant MDT of 60°C.
2) Burst Safety Factor is calculated from the material allowable stress and pipe geometry

3) Heat pipes single components and not a part of a greater pressure system. Burst Factor of 4.0 is used (2.5 could be used for heat pipes as components.)
4) Ref TCS Hardware Design Report AMS-OHB-DER-001 Issue 2, Revision A, May 5, 2005
5) There are 20 embedded heat pipes with different lengths on the Wake Radiator, 16 heat pipes on the Ram Radiator, mass of fluid (ammonia) ranges from 7.6 grams for the shortest to 29.6 grams for the longest
6) Calculated at 40°C, maximum working temperature of the electronic
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Figure 4-1: Main Dimensions Heat Pipe and Panel Layout 4

TCS Main Radiator Heat Pipe Cross Section with Mounting Profiles
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E. Cryocoolers

Cryocoolers
Material Of Mass. Operating MDP Burst Burst SF Proof Proof Analysis Reference
.. . Of fluid Pressure Pressure Pressure Test or
Description Construction . 5 . Req Actual 5 SF Lo Document
kg Ibm bar psid bar psid bar psid bar psid Similarity
Sunpower
Stirling eyele | g i ness Steel | 20~ | 1.60E- | Note | Note | 555 | 594 | 124 | 1800 | N | 61 | Note2 | Note2 | N | Leak Test Note 3
mechanical 04 03 1 1 2 2
cryocoolers
Notes:

Note 1: The cryocoolers are filled with 275 cm”3 of helium gas at a pressure of 16 bar (232 psid) and ambient temperature. When operating, the helium in the compression space can reach a pressure as
high as 20 bar (290 psid) at the maximum operating temperature of the cooler. This is very nearly the same as the MDP, which occurs with a non-operating cryocooler exposed to an 80°C environment.

The MDP is derived from the increased pressure when raising 16 bar of helium at ambient temperature to a temperature of 80°C at constant volume.
Note 2: The measured burst pressure is 124 bar (1800 psid) in the compressor body and 152 bar (2200 psid) in the cold finger so the minimum Burst SF is 6.1. The cryocooler has been classified as a
pressurized device by personnel on the Fracutre Control Panel at JSC (see e-mail from N. Martinez to C. Balas, Subject: AMS Cryocoolers - Fracture Control), and we were not given a required Burst
Safety Factor. Also, no proof pressure test is required, only a leak test to verify workmanship.
Note 3: We consulted NSTS 1700.7B, MIL STD 1522A, ANSI/AIAA S-080, and NPD 8710.5A (Draft) and did not find Pressurized Device listed.
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